Introduction
Co-solvents (any solvent other than the first solvent) are known to affect the solubility of solutes in solutions. Theory of effects of co-solvents is desirable in order to understand the molecular interactions for changes in solubility and improve the properties of solutions [1] . The Kirhwood -Buff theory (KBT) of solutions [2] has been used to explain the effects of co-solvents on the solubility of solutes in terms of intermolecular distributions [2, 3] . KBT is an exact theory of solution mixtures and provide information for solute understanding effects [4] . The general idea for solubility of molecules to explain the local
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 Experimetal evaluation of the thermodynamic parameters from solubility measurements.  Theoretical calculation of the thermodynamic parameters of the used material.  Trying to explain the experimental values theoretically.
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microscopic experimental results. Also studying the intermediates for salvation processes are also needed. Also explaining the chemical potentials of the solute can also be expressed by statistical thermodynamic calculations [3, 4] . Studies for a quantitative description of metal ion-solvent binding are of immense importance in various fields of chemistry, physics and biology, as well as in the technological development of various practical separation processes. The subject has drawn across the board consideration [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Experimental

Materials
The chemicals used 2-butanone, ethyl cyanoacetamide; sulfur and morpholine are provided from Sigma Aldrich chemical company. All chemicals are used without purification to reserve them in their states. Absolute ethanol provided from El-Nasr Chemical and Pharmaceutical Company was used. High conductivity water was used.
Synthesis
The starting 2-amino-4,5-dimethylthiophene-3-carboxamide(ADTC) 4 was obtained via Gewald reaction by condensation of 2-butanone 1 with ethyl cyanoacetamide 2 in the presence of elemental sulphur and morpholine 3 (base) as in Scheme 1.
The structures were confirmed by various spectroscopic techniques, including IR, 1H NMR and mass spectroscopy. The IR spectra of compound showed characteristic absorption bands in the region within υ = 3411-3163 cm-1 due to the stretching vibrations of 2 NH2 groups. The bands in the region within υ = 1670 cm-1 are due to the stretching vibrations of carbonyl group. The absorption bands in the region within υ = 1265-1280 cm-1 are assigned to the stretching vibrations of 2 CH3 groups.
Scheme 1. 2-amino-4,5-dimethylthiophene-3-carboxamide (4) was obtained via Gewald reaction by condensation of 2-butanone (1) with ethyl cyanoacetamide (2) in the presence of elemental sulfur and morpholine (3) .
Beside the expected signals in the 1H NMR spectrum of compound, it displayed a characteristic broad signal at  12.97 and 13.15 ppm assigned to 2NH2 groups and a broad signal  2.30 due to the methyl group protons. The mass spectrum of the compound showed the molecular ion peaks at m/z 172 (M++2), 171 (M++1), 170 (M+) which is in agreement with molecular formula of the compound C7H10N2OS. 
Preparation of saturated solutions.
W is the weight of the residue in the beaker. M.wt is the molecular weight of the compound. d is the density of solvent.
Solubility product
The solubility product of compound (ADTC) was calculated by using (eq. 2) pKsp Log S 
Where Pksp is the solubility product and S is the molal solubility and all the data at different temperatures were calculated in tables 1-5. 
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Activity coefficient
The activity coefficients were calculated using DebyeHückel equation (3) [18] and their values and the solubilities are given in tables 1 &2. log   = -0.5062 x (S) 0.5 (3)
Free energy of solvation
From the solubility products the Gibbs free energies of solvation and the transfer Gibbs free energies from water to mixed solvents were calculated by using equations 4 & 5. Δ Gs = RT ln pKsp (4) Δ Gt = Δ GS -Δ Gw
All the data are tabulated in tables 1-5 at different temperatures and shown in figures 3 &4 .
Enthalpies and entropies of solvation
Enthalpies can be calculated by drawing a relation between log Ksp for ADTC against 1/T, the slope=-∆H/2.303R. So, the entropy (ΔS) of solvation for ADTC concentration solutions can be calculated using GibbsHelmholtz equation [19] [20] [21] [22] [23] [24] [25] .
All the data are tabulated in table 6. The solvation experimental thermodynamic parameters ΔG and ΔS for ADTC in mixed EtOH-H2O solvents are increased with increase in the percentage (mole fraction) of ethanol in the mixed solvents favoring more solute-solvent interactions. 
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The enthalpy changes are decrease with increase of the ethanol percentage favoring more endothermic solvation process. Little effect of temperature is noticed experimentally for solvation of ADCT in mixed EtOH-H2O solvents due to small entropies of solvation and the endothermic reaction happened.
Theoretical Thermochemistry of the new Schiff base, ADTC
The equation used entropy, energy and heat capacity resulting from the calculation frequencies using Gaussian 09 package are given below [26] [27] [28] [29] [30] :
Where N = n NA , KB = R , NA is Avogadro's number , R is gas constant and Q is the partition function changing into logarithm we obtain:
Where Q is the partition function (total), the Qt, Qe, Qr, Qv, denote, the translational, electronic, rotational and vibrational partition function. The thermal energy can be obtained from the partition function:
The heat capacity can be obtained by using equation 10 :
Where CV is the heat capacity at constant volume, E  is the difference in internal energy , E  is the difference in temperatures used, N is the number of particles, . υ is the vibrational quantum number
The above equations will be used for estimation the available thermodynamic for the organic compounds used from the evaluated partition functions. The calculations were done from the contributions for the translation, rotational motion and electronic contributions from vibrational mode of contribution.
The data were obtained from frequency analysis by the need or partition function. For vibrational motion, choosing the first vibrational energy K, level to be zero level, the corresponding partition function is expressed as [31, 32] .
hυk /kBT
Where KB is Baltzmann constant (KB =1.38066 X 10 -23 J/K), h is planck's constant (h=6.626 x 10 -23 J.S) and hυk / KBT =  v, k is defined as vibrational frequency of mode k.
The zero of energy is defined as the fully dissociated limit (free electrons and bore nuclei), at absolute zero temperature, which is the small motion of molecules and is called "the zero-point vibrational energy" (ZPVE or ZPE).
The ZPVE must be added to obtain energy at absolute zero temperature (T=0 K). For all the 3N-6 (3N-5 for linear molecules) vibrational modes, the total ZPVE [28] [29] [30] is:
The ZPVE is calculated for compounds using the data are given in table (7, 8 and 9) for the different solutions [33, 34] .
Different contributions of Motions
The different types of motions were theoretically studied for the schiff bases and summarized in the next text.
Contributions from translation
The translational partition function is used to calculate the translational entropy (which donate the factor e which comes from Stirling's approximation [30] [31] [32] [33] [34] [35] [36] :
The contribution to internal energy is:
Finally, the heat capacity at constant volume is given by t Et C       T (15) 2018, 01, 19-28 | 25
Contributions from electronic motion
The contributions can be calculated from electronic partition function Where w is the degeneracy of energy level, En is the energy in n-th level.
The entropy due to electronic motion is:
Se =R(lnQe +0) (18) Since there are no temperature dependent terms in partition functions, the electronic capacity and internal energy due to electronic motion are both zero.
Contribution from rotational motion:
For linear molecules, the rotational partition function is:
Where  r = h 2 / 8  2 I kB , I is the moment of inertia.  r is the rotational diameter. The rotational contribution to the entropy is:
The contribution to rotation for for internal energy is:
And the contribution to the heat capacity is:
For our general case which is nonlinear, the rotational energy and heat capacity are:
Contributions from vibrational motion
The contributions follow equation (19) :
The total entropy, energy and Cυ from the vibrational partition function are:
Thermochemistry studies of 2-amino-4,5-dimethylthiophene-3-carboxamide (ADTC)
Different partition functions (Q) values for compound ADTC in ethanol were studied by three different methods i.e. Hartree-fock 6-311g(d,p), PM3 and AM1 and tabulated in Kinetic energy, rotational constant, polarizability, zero point vibrational energy are calculated by applying the three methods and found that they are greater on using Hartree-fock method than others. Sum of electronic+ zero point energies, sum of electronic + thermal energies and sum of electronic+ thermal enthalpies was calculated by using the above mentioned methods and found to be greater using Hartree-fock method than others. The different thermodynamic parameters such as thermal, heat capacity at constant volume CV, entropies for the electronic, translational, rotational and vibrational movement for ADTC in ethanol were also calculated by applying the three different methods theoretical and found to give the greatest values on using PM3 method supporting the activity of ADTC in ethanol medium (table 10 ). The electronic gap energy E(LUMO)-E(HOMO) gave bigger result 0.4157 eV (electron Volt) in case of Hartree-fock method than other methods indicating the applicability of this compound ADTC as semiconductor. As shown in Fig. 5 , the shape of HOMO and HOMO-1 indicate that HOMO orbitals are full occupied than that of HOMO-1. Also LUMO orbitals are clear to have more orbital free to be occupied than that of LUMO+1orbitals. 
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Conclusions
The solvation experimental thermodynamic parameters ΔG and ΔS for ADTC in mixed EtOH-H2O solvents are increased with increase in the percentage (mole fraction) of ethanol in the mixed solvents favoring more solutesolvent interactions. The enthalpy changes are decreased with increase of the ethanol percentage favoring more endothermic solvation process. Different methods of calculation were proceeded like, Hartree-Fock 6-311g (d,p), PM3 and AM1 fore estimating the different thermodynamic parameters in ethanol. The different thermodynamic parameters like thermal, heat capacity at constant volume CV, entropies for the electronic, translational, rotational and vibrational movement and other theoretical parameters for ADTC in ethanol were also calculated by applying the three different methods theoretical and found to give the grate values supporting the activity of ADTC in ethanol medium. This indicates that the solubility of ADCT is increased by increase in ethanol mole fraction in the mixed solvents.
